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ABSTRACT
The Space Shuttle Orbiter is in the final 
stages of preparation, proceeding toward mat- 
ing with the other Shuttle flight hardware ele- 
ments, preparatory for its maiden voyage. The 
first orbital vehicle, the "Columbia, 11 has 
been undergoing manufacturing, modifications, 
and testing at KSC, and integrated vehicle 
processing is planned to continue prior to the 
planned STS-1 launch.
To establish a national fleet of operational 
Orbiters, Space Shuttle production includes 
fabrication of two additional Orbiters, refur- 
bishment of the "Columbia 11 after its use In 
the orbital flight test program and early op- 
erations, and conversion of the Orbiter struc- 
tural test article to a flight operational 
Orbiter*
Excellent design and development progress, 
the highest standards of quality workmanship, 
coupled with intensive qualification testing, 
in-depth ground test programs, and rigorous 
checkout processes are continuing to increase 
confidence in the flightworthiness of the 
world's only reuseable spacecraft.
INTRODUCTION
As we look forward to a new era of routine 
access to space, we focus on- the launch of the 
first orbital flight vehicle and the estab- 
lishment of a national fleet of operational 
Orbiters. Although the finalization of the 
thermal protection system has presented unex- 
pected challenges, the Orbiter's development 
progress in 1979 was substantial.
The Qrbiter's high degree of reliability and
the associated depth and breadth of its ver- 
ification process establish the basis for a 
successful orbital flight test (OFT) program, 
The first flight mission design certification
review has been accomplished; the KSC facil-
ities interface verification, with the 
Orbiter "Enterprise" mated to an external 
tank and inert solid rocket boosters, suc- 
cessfully checked the launch equipment's 
physical compatibility with the vehicle; the 
certification test program is nearing comple- 
tion; the "Columbia's" checkout operations 
have been troublefree; and the Orbiter is 
approaching readiness for the major orbital 
flight test program.
The OFT program is planned to begin in late 
1980. It is planned to consist of four 
manned flights, all launched from Kennedy 
Space Center (KSC). The landings will be at 
Edwards Air Force Base (EAFB) in California. 
A dry lakebed runway in New Mexico on White 
Sands Missile Range has been designated as a 
backup site for OFT landings during the rainy 
season at EAFB. Post-OFT landings will be at 
KSC.
VERIFICATION CONCEPT
The verification process by which the Orbiter 
will achieve operational status includes de- 
velopment and certification testing, analysis, 
simulation, vehicle checkout, and actual 
flight test. The process.starts at the com- 
ponent level, with the development of line 
replaceable units (LRU's) through concept 
feasibility, material selection, and demon- 
stration of various processes. The final 
phase of component-level certification activ- 
ity is directed toward demonstrating that the 
LRU's will perform to specification under 
worst-case flight and ground environments. 
Formal certification is accomplished by means 
of qualification testing, analysis and, where 
applicable, by similarity to mature hardware.
The verification process proceeds then to the
subsystem level, including simulation programs 
to evaluate performance characteristics during 
the various mission phases. Next are vehicle- 
level activities involving major test articles*
integration laboratories, and vehicle checkout.
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Flight hardware and software are coupled with 
simulated interface stimuli to conduct tests 
(open and closed loop, including man in the 
loop) that ensure satisfactory performance 
under simulated mission conditions. Individ- 
ual systems and the complete vehicle are ver- 
ified by means of major test articles and 
integrated system tests in specialized lab- 
oratories.
Integrated system tests specifically verify 
interfaces within and among subsystems, in- 
cluding hardware/software compatibility, and 
vehicle-level performance in sensitive envi- 
ronments (such as vibration and temperature). 
Operational procedures associated with check- 
out and maintenance are developed and evalu- 
ated during the integrated tests.
The next phase, vehicle checkout, involves 
end-to-end functional tests aimed at verify- 
ing overall system performance and preparation 
for flight. The flight test phase, which in- 
cludes the successfully completed approach and 
landing test (ALT), culminates with orbital 
flight tests in which vehicle subsystems and 
software perform under real flight environment 
and demands.
The Orbiter verification concept is thus 
geared at actually demonstrating, in planned 
phases, that design and performance require- 
ments are.met--reliably and economically and 
that the vehicle is ready for operational 
use.
QRBITER STRUCTURAL TEST ARTICLE
Orbiter 099, designated "Challenger," is a 
test article that is being refurbished for 
use as the second Shuttle Orbiter flight 
vehicle, a decision that has resulted in sig- 
nificant cost savings in the Orbiter program. 
As a test article, Orbiter 099 recently com- 
pleted 12 months of ground tests in Palmdale, 
California, which certified the Orbiter's 
structural design integrity. Tests included 
influence coefficient, which determined and 
confirmed the stiffness of the Orbiter's 
structure, along with limit-load pressure, 
and thermal tests.
MATED VERTICAL GROUND VIBRATION TEST
The mated vertical ground vibration test 
(MVGVT), using the Orbiter "Enterprise," was 
conducted at Marshall Space Flight Center in 
Huntsville, Alabama. The elastic and dynamic 
characteristics of the Shuttle structure in 
the lift-off boost, and burn-out configura- 
tions were successfully assessed during this 
test program, and are understood in terms of 
elastic interactions and modal shapes and 
frequency.
SHUTTLE AVIONICS INTEGRATION LABORATORY (SAIL)
The Shuttle Avionics Integration Lab is a 
facility at Johnson Space Center in Houston, 
Texas, where the avionics and related hard- 
ware (or simulations of the hardware), flight 
software, flight procedures, and associated 
primary ground support hardware and software 
are fully integrated for testing. The SAIL 
facility provides real-time OFT mission sup- 
port and post-OFT operational flight task 
evaluation (e.g., for payload operations) and 
troubleshooting support.
Tests are run. in a simulated mission environ- 
ment to achieve the following:
- Support certification of avionic system 
hardware and software (including support 
equipment) and demonstrate integrated systems 
compatibility and performance.
- Verify the avionic interfaces, integrated 
function, and avionics mission capability of 
the Orbiter, and the mated elements of the 
Shuttle.
- Verify avionic interfaces between payloads 
and the Orbiter.
-.Perform preflight and postflight system- 
level investigations and verification of 
flight software and hardware, mission func- 
tions and operations, flight procedures, oper- 
ational anomalies, and effects of system de- 
sign changes.
Testing has demonstrated the validity of the 
hardware and software design.
FLIGHT SYSTEMS LABORATORIES
Flight Systems Laboratories (FSL) at Downey, 
California, are a significant Orbiter test 
tool with three interrelated laboratories-- 
Flight Simulation (SIM) concentrating on 
vehicle dynamics and flight environment, Avi- 
onics Development Laboratory (ADL) dealing 
with computer-oriented avionic systems, and 
Flight Control Hydraulics Laboratory (FCHL) 
set up to emulate and test the Orbiter flight 
systems. Testing begins with individual com- 
ponent and subsystem checkout and culminates 
with complete, flight-phase simulations of 
actual Shuttle missions that involve the inte- 
grated activities of all three labs*
SIGNIFICANT COMPONENT AND SUBSYSTEM TEST 
RESULTS
Overall testing and detailed analysis to 
assure compliance of component and subsystem 
flight certification criteria have progressed 
throughout the large number of orbiter sub-
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contractors. Technical excellence and co- 
hesive management practices are emphasized 
in completing the certification objectives. 
These tests involve test articles as small as 
a single valve and as large and complex as 
the orbital maneuvering system.
The orbital maneuvering system (QMS) engine 
has successfully completed qualification 
testing at White Sands Test Facility in New 
Mexico and is ready for orbital flight. Dur- 
ing the tests, the QMS engine was fired 98 
times, accumulated over 6,000 seconds of 
rated thrust burn time, covering all condi- 
tions expected in actual flight.
The first series of forward reaction control 
system (FRCS) qualification tests, supporting 
first manned orbital flight, was successfully 
completed, with a total of 26,200 hot firings 
of the thrusters for a total duration of 
4,700 seconds. The aft reaction control sys- 
tem (ARCS) has completed a total of 158,400 
hot firings of the thrusters for a total dur- 
ation of 35,400 seconds.
The auxiliary power unit (APU) has completed 
seven mission duty cycles of qualification 
testing at the subcontractor's facility, and 
nine mission duty cycles have been conducted 
in an altitude chamber at JSC to Qualify 
this subsystem for first orbital flight. At 
KSC, testing of the "Columbia's" auxiliary 
power unit was carried out successfully in 
November. The APU's were operated for up to 
40 minutes in a series of tests that simu- 
lated Shuttle ascent when they provide hy- 
draulic power to steer the Orbiter's main 
engines, and descent when they position the 
Orbiter's control surfaces.
The fuel cells for the Orbiter deliver power 
in a range of 2 to 12 kW with a powerplant 
weight of approximately 200 pounds. The fuel 
cell qualification testing is complete; in- 
cluding vibration testing equivalent to 50 
mission duty cycles (2000 hours), a 168-hour 
vacuum endurance test, and a sea-level endur- 
ance/restart test, demonstrating multiple- 
mission-cycle capability.
For the acoustic fatigue structural certifi- 
cation test program, designated sections of 
the Orbiter vehicle to supplement and verify 
structural fatigue analysis are used. The 
acoustic environment simulates acoustic and 
aerodynamic pressure fluctuations to which 
the vehicle will be subjected during flight; 
including lift-off, boost, and entry. This 
test program encompasses test panels that 
represent the total vehicle structure. In 
addition to the primary and secondary struc- 
ture test panels, the test articles include 
the thermal protection system, thermal
barriers, internal thermal insulation, hy- 
draulic tubing, ducting, and seals.
Certification tests required for the first 
orbital flight are essentially complete. The 
remaining testing efforts focus on verifying 
the subsystems and components for a 100- 
mission life.
VEHICLE-LEVEL ACTIVITY
The "Columbia's" final systems installations 
and modifications, with the exception of the 
thermal protection system, have progressed 
favorably; the subsystem and integrated test- 
ing was performed with complete success.
The Orbiter integrated test (OIT) is the major 
verification of intersystem compatibility. 
The "Columbia's" OIT was a 140-hour test 
series with prime flight crew participation. 
It demonstrated Orbiter hardware and software 
operations during a mission time line. It 
also demonstrated the ability to switch from 
the primary to backup flight control system, 
the ability of ground support systems to sup- 
port an Orbiter countdown, and the performance 
of the interface between the Orbiter on-board 
software and the Mission Control Center, as 
well as emergency and abort contingencies. 
The vehicle's electrical system and software 
performed in an outstanding manner.
A series of tests with the external tank (ET) 
and solid rocket boosters (SRB's) will be con- 
ducted after mating. The flight readiness 
firing (FRF) will be a final demonstration of 
the mated vehicle in a near-to-launch environ- 
ment. It will be performed in conjunction 
with the countdown demonstration test (CDDT), 
which is a dress rehearsal of launch day ac- 
tivities. Verification is achieved with a 
static firing of the Space Shuttle main en- 
gines (SSME's) for 20 seconds. Gimbaling and 
throttling also are demonstrated.
Prior to orbital flight, the prelaunch phase 
of test activity is launch readiness verifi- 
cation (LRV). The LRV objective is to prove 
hardware integrity following FRF and to 
demonstrate proper flight sequencing while 
using the latest versions of flight software. 
When this test is completed, launch countdown 
begins.
THERMAL PROTECTION SYSTEM
The Orbiter thermal protection system has been 
a pacing developmental aspect of the Space 
Shuttle Program. Portions of the surface of 
the Space Shuttle Orbiter reach temperatures 
of up to 2700° F. when it enters the earth's 
atmosphere from a mission. In achieving the 
cost benefits of the reusable Shuttle, the
1-64
system used for protection from this heat must 
be reusable with minimum maintenance. This 
requirement entails technological advances 
in materials, design, analyses, testing, and 
manufacturing.
The thermal protection system consists of 
approximately 31,000 individual tiles made of 
rigid fibers bonded to a Nomex felt strain 
isolation pad (SIP), which is bonded to the 
Orbiter structure. The tiles must be kept 
small to avoid becoming structurally over- 
loaded by vibration and flexing of the 
Orbiter structure.
While system testing has confirmed the sys- 
tem's thermal insulation properties, addi- 
tional comprehensive analyses have been 
conducted to ensure that every thermal pro- 
tection system tile is capable of withstand- 
ing loads during all of the Orbiter's mission 
phases.
Recent thermal/loads analyses indicated the 
need to assess each of the nearly 31,000 
tiles on the "Columbia" as individual struc- 
tural systems. These loads resulting from 
aero, flight control, and structural con- 
siderations identified thermal and vehicle 
structural deflections that affected the tile 
system.
The tile system's material, production, in- 
stallation, and testing challenges are being 
met; we are confident that "Columbia's" tile 
system will be one hundred percent safe and 
will adequately support the current flight 
schedule. !
Advanced thermal protection system develop- 
ment efforts are in process to produce a 
lower weight system with increased strength. 
Material characterization and thermal prop- 
erties of advanced material and tests are 
being conducted. The materials development 
is focusing on three principal targets:
- Improvement of temperature character- 
istics by a blanket-type TPS to eliminate 
individual tiles used in the 800° to 1200° F. 
(low temperature reusable surface insulation) 
range.
- Improvement of strength-to-weight ratio 
of 22-pound-per-cubic-foot (pcf) high- 
temperature reusable surface insulation 
tiles (HRSI)
- Improvement of 9-pcf HRSI, principally 
to improve coating strength
Principally, the tile improvement concept 
involves the addition of aluminum-borica- 
silica fiber material to enhance tile uni- 
formity and strength.
CONCLUSION
Major component testing is essentially com- 
plete and the avionic system, with its state- 
of-the-art computers, is undergoing final 
verification in the SAIL and FSL. Signifi- 
cant subsystem and the Orbiter integrated 
tests have been completed.
Excellent design and development progress, 
the highest standards of quality workmanship, 
coupled with intensive qualification testing, 
in-depth ground test programs, and the rig- 
orous checkout processes continue to increase 
confidence in the flightworthiness of the 
world's first reusable spacecraft.
The current Shuttle program involves a fleet 
of four Orbiters. The Orbiter follow-on 
contract authorizes the modification of two 
existing Orbiters to meet operational re- 
quirements and the manufacture of two addi- 
tional Orbiters "Discovery" and "Atlantis." 
The structural test article, "Challenger," 
has already been delivered to Rockwell 
International's Palmdale facility for retro- 
fit, final assembly, and checkout as a 
flight vehicle and is proceeding on schedule.
"Discovery" and "Atlantis" will feature 
several weight-economizing design modifica- 
tions and new materials in the wing, vertical 
tail, and mid-fuselage that will trim the 
Orbiter weight substantially. Detail work 
on the aft fuselage and assembly of crew 
module for "Discovery" and long lead detail 
fabrication of "Atlantis" have begun.
The Orbiter's economical growth potential, 
coupled with new capabilities being intro- 
duced for payload recovery and reuse, on- 
orbit construction, assembly, maintenance 
and repair, and performance of other complex 
functions, is expected to result in an ex- 
tended program lifetime. We can anticipate 
rapid evolutionary growth of operational 
space mission capabilities.
As we begin to use the Shuttle to meet tech- 
nological challenges, we will become increas- 
ingly aware of its value in communication, 
defense, scientific, and industrial projects. 
And the benefits will far overshadow the 
costs. The Space Shuttle holds the promise 
of solutions to problems and needs of man- 
kind a promise we cannot afford to ignore.
1-65
